PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
international Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
A61F 2/06 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/30173 

16 July 1998(16.07.98) 



(21) International Application Number: PCT/US98/00027 

(22) International Filing Date: 12 January 1998 (12.01.98) 



(3D) Priority Data: 
08/782,114 



13 January 1997(13.01.97) 



US 



(71) Applicant: GORE ENTERPRISE HOLDINGS, INC. [US/US]; 

551 Paper Mill Road, P.O. Box 9206, Newark, DE 
19714-9206 (US). 

(72) Inventors: OGI, Darrell, H.; 951 Aberdeen Drive, Sunnyvale, 

CA 94087 (US). LAU, Ulip; 1132 South Sage Court, 
Sunnyvale, CA 94087 (US). KLENK, Alan, R.; 1 126 Capri 
Drive, Campbell, CA 95008 (US). 

(74) Agents: MARCUS, Michael, S. et al.; Morgan & Finnegan, 
LX.P., 345 Park Avenue, New York, NY 10154-0053 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, HU. IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT. LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ. 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent (GH, GM, 
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ. TM), European patent (AT, BE 
CH. DE, DK, ES, PI, PR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, Ct CM, GA, GN, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: LOW PROFILE SELF-EXPANDING VASCULAR STENT 




(57) Abstract 

A low-profile, self-expending vascular stent which is preferably cut from a thin tubing. The stent includes helical windings in a 
single helix, which are joined by bridges for longitudinal and radial strengthening. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


US 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 




GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 




MK 


The former Yugoslav 


TM 




BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Malt 


TT 


Trinidad and Tobago 


BJ 


Benin 


IB 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


11. 


brad 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CP 


Central African Republic 


JP 


Japan 


NB 


Niger 


VN 


Via Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'Jvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakxtan 


RO 








CZ 


Czech Republic 


LC 


ggjlH Lucia 


RU 


Russian Federation 






DB 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/30173 



PCT/US98/00027 



LOW PROFILE SELF-EXPANDING VASCULAR STENT 

HELD ™ IHE INVENTION 
The present invention relates generally to implants for the treatment of 
bodily vasculature, ducts and the like. More specifically, the invention relates to 
low profile, vascular stents which are particularly useful for small diameter 
vascular applications. 

BACKGROUND OF THF INVENTION 
One method of treatment of diseased or otherwise damaged vasculature 
has traditionally been through the implantation of vascular stents and/or grafts to 
maintain patency of the vasculature. It has also been known to implant such 
devices in saphenous vein bypass grafts, either at the time of bypassing the 
coronary arteries, or at a later date when the saphenous vein graft becomes 
partially or totally occluded. 

Although wire stents are generally acceptable for use in larger vessels, 
because of the generally reduced cross-sectional area available for blood flow in 
smaller vessels, the use of a wire stent often encroaches to an unacceptable extent 
within the lumen of the vessel, causing blood cell damage and possibly clotting. 
Similarly, stents which are formed of two or more overlapping helices present an 
encroachment problem into the lumens of smaller vessels, such as the carotid 
artery, coronary artery, etc. An additional problem with grafts fashioned from 
wire, is that it is difficult to reduce (e.g., through folding, radial compression or 
other reduction technique) the downsized versions to an acceptable profile for 
insertion through and placement in the smaller sized vessels. 

Stents which are formed of a series of interconnected rings, with the rings 
being substantially perpendicular to the longitudinal axis of the stem are also 
known. Because of variations in the cross-sectional mass of this type of stent 
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along the longitudinal axis, this type of stent will tend to buckle in the weakest 
locations, e.g., generally in the locations where the rings are interconnected. 

Many varieties of stents and stent-grafts have been described, but include 
one or more of the drawbacks discussed above. Pinchuk, U.S. Patent No. 
5,163,958, discloses a helically wrapped, undulating wire stent coated with a 
layer of pyrolytic carbon. The wire stent includes a plurality of generally 
circumferential sections 22, which are fonned from the same continuous, 
substantially helically wrapped, undulating length. 

Lau et al., U.S. Patent No. 5,421,955, discloses an expandable stent made 
of a plurality of radially expandable cylindrical elements interconnected by one or 
more interconnective elements. The cylindrical elements may be individually 
formed from undulating elements. The entire stent may be made from a single 
length of tubing. 

Schnepp-Pesch et al., U.S. Patent No. 5,354,309, discloses a stent 
including a memory alloy part which radially widens at a transition temperature 
that is above ambient temperature but below body temperature. The stent may 
include a helically wound wire, as shown in Figs. 4a-4b. 

Leveen et al., U.S. Patent No. 4,820,298, discloses a flexible stent 
constructed of a helix made from medical thermoplastic. Adjacent loops of the 
helix are interconnected by elastomeric strands. This allows the stent to be 
stretched into a somewhat extended, linear configuration, and to resume its helical 
shape upon release of the stretching forces. 

Lau et al., U.S. Patent No. 5,514,154, discloses an expandable stent made 
of a plurality of individual radially expandable cylindrical elements 
interconnected by one or more interconnective elements. The cylindrical elements 
may be individually fonned from undulating elements. The entire stent may be 
made from a single length of tubing. The cylindrical elements include radially 
outwardly extending anchoring projections which may increase the profile of the 
expanded stent. 
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In summary, various stents, such as those discussed above, have been 
described with varying degrees of success. What has been needed and is 
addressed by the present invention, is a stent which has a high degree of flexibility 
for advancement through torturous pathways of relatively small diameter, can be 
readily expanded, and has sufficient mechanical strength to maintain patency of 
the lumen into which it is implanted, while minimizing the amount of lumenal 
encroachment to reduce the thrombosis risk. 

SUMMARY OF THE TMV^n N 

The present invention involves an expandable stent which is relatively 
flexible along its longitudinal axis, while at the same time being provided with 
structures to increase the columnar strength thereof. 

According to an embodiment of the present invention, a self-expanding 
stent includes a structure having helical windings forming a generally tubular 
shape, and bridges interconnecting the helical windings. Preferably, the bridges 
are helically arranged within the structure. Preferably, the stent is self-expanding. 
However, the embodiments are also included within the invention, including 
balloon-expandable stents. 

The stent according to the present invention may be formed from a thin- 
walled tubing, Preferably the stent is cut from the tubing by laser cutting or by 
EDM (i.e., Electrical Discharge Machining), techniques which are known in the 
art.. However, various etching techniques may also be used. The thin-walled 
tubing also contributes to the low profile of the stent. 

The bridges may be circumferentially and substantially equiangularly 
located about the helix, with respect to one another. Preferably, the bridges are 
located at ai) interval of about 2 to 4 bridges per 360° of helical winding. More 
preferably, the bridges are located at an interval of about 3 bridges per 360° of 
helical winding. 

The bridges may be formed as substantially straight bridges. 
Alternatively, at least one of the bridges (and as many as ail of the bridges) may 
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include or act as a spring having a predetermined spring constant. The spring(s) 
may be formed as an undulating spring. Alternatively, the spring(s) may be 
fonned as a leaf-spring or other equivalent spring mechanism providing a 
comparable spring constant 

Preferably, at least one spring is aligned in a direction substantially 
parallel to the longitudinal axis of the generally tubular shape. 

The helical windings of the helical structure and the bridges may have 
substantially equal >yidths. Alternatively, the widths of one or more of the bridges 
may be varied to alter the flexibility of the stent Preferably, alterations are done 
to reduce the widths of the bridges with respect to the width of the helical 
windings of the helical structure, so as to increase the flexibility of the stent 

Preferably, the windings of the helical structure undulate in a direction 
substantially parallel to the longitudinal axis of the generally tubular shape The 
low profile, self-expanding stent of the present invention preferably includes a 
single helical structure having windings forming a generally tubular shape having 
a longitudinal axis, and the single helical structure is formed from a thin-walled 
tubing. 

Also, the stent preferably includes bridges interconnecting the windings of the 
helical structure, and undulations in the windings. The undulations enhance the 
expandability of the stent. Additionally, the bridges may be aligned in a direction 
substantially parallel to the longitudinal axis of the generally tubular shape. 
Preferably, the bridges are circumferentially and substantially equiangulariy 
located about the helix, with respect to adjacent ones of the bridges. 

The bridges may be helically arranged in the structure. Preferably, the 
bridges are positioned to form a ratio of about 3 bridges per 360° of windings. 
The stent may further include asymmetrical undulations in at least one of the 
helical windings, to compensate for uneven expansion which occurs due to the 
helical nature of the stent. 
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Other features and advantages of the present invention will become more 
apparent from the following detailed description of the invention, when read in 
view of the accompanying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAXflMQS 

Fig. 1 is a perspective view of a first embodiment of a stent embodying 
features of the present invention; 

Fig. 2 is a cross-sectional view of a bridge taken along line I-I in Fig. 1 ; 

Fig. 3 is a plan view of a flattened section of a stent according to the first 
embodiment, which illustrates the interrelationship between the undulating, 
helical pattern and the interconnecting bridges of the stent shown in Fig. I; 

Fig. 4 is a plan view of a flattened section of a stent according to a second 
embodiment, which illustrates the interrelationship between the undulating, 
helical pattern and the interconnecting bridges of the second embodiment; 

Fig. 5a is a partial view of a stent embodying a variation of a bridge to 
interconnect adjacent undulations; 

Fig. 5b is a partial view of a stent embodying a second variation of a 
bridge to interconnect adjacent undulations; 

Fig. 5c is a partial view of a stent embodying a third variation of a bridge 
to interconnect adjacent undulations; 

Fig. 5d is a partial view of a stent embodying a fourth variation of a bridge 
to interconnect adjacent undulations; 

Fig. 6 is a plan view of a flattened section of a stent according to a third 
embodiment; 

Fig. 7 is a plan view of a flattened section of a stent according to a 
variation of the third embodiment shown in Fig. 6; 

Fig. 8 is a plan view of the stent shown in Fig. 7 after expansion of the 

same; 

Fig. 9 is a plan view of a flattened section of a stent according to a fourth 
embodiment of the present invention; 
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Fig. 10 is a partial flattened section of a stent according to an embodiment 
similar to that shown in Fig. 9; 

Fig. 1 1 is a partial flattened section of a stent formed with the same 
undulating pattern as the stent shown in Fig. 10, but in a ring configuration as 
opposed to a helical configuration, for comparison purposes; 

Figs. 12a, 12b and 12c are views of preferred apparatuses for preparing 
for deployment and deploying a stent according to the present invention; 

Figs. 13a, 13b, 13c, 13d, 13eand 13f show various stages of preparation 
for deployment, and deployment of, a stent according to the present invention; and 

Figs. 14a, 14b and 14c show another arrangement for deploying a stent 
according to the present invention, at various stages of deployment. 

DETAILED DE SCBIKPQM OF THE PREFERRED EMBODIMENTS 
Fig. 1 illustrates a self-expanding stent constructed according to principles 
of the present invention. For use in relatively small diameter vessels, (e.g., carotid 
artery, coronary artery, saphenous vein graft), a simple downsizing of available 
stents which have been used for larger vessels has been generally unsatisfactory 
for use in implantation. For example, when a known design using nitinol wire and 
expanded polytetrafluoroethylene was reduced in size (particularly in the diameter 
dimension), the radial stiffness decreased below an acceptable lower limit. 

The flexibility of the stent facilitates delivery of the stent through torturous 
body lumens, including, but not limited to coronary arteries, carotid arteries and 
saphenous vein grafts, where, in addition to being torturous, the vessel diameters 
are small. 

In Fig. I, self-expanding stent 10 generally comprises a continuous mesh 
pattern of sinusoidal or undulating member 15 formed into a helical pattern of 
helical windings to form substantially cylindrical, tube-shaped structure 11. The 
undulating member undulates to form bends 15p and 15v which are generally 
oppositely oriented in the direction of the longitudinal axis of cylindrical structure 
11 . The helical windings formed by the undulating member are joined by bridges 
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1 8 to provide the stent with columnar strength and radial strength, and also 
stability to minimize changes in the length of the stent upon expansion thereof. 
Bridges 18 also provide improved kink resistance upon bending of the stent 10, 
and resist bowing of the stent when implanted to bridge an aneurysm, for 
example. Helical stents which lack bridges are more susceptible to columnar 
compression and buckling. This problem is particularly noted in the treatment of 
aneurysms, where the stent or stent-graft is positioned to span the enlarged section 
forming the aneurysm. A stent without bridges often buckles due to the forces 
applied by the blood flow through the upstream end of the stent, which tend to act 
locally against the column strength of that end. The result is buckling of the 
central portion of the stent or stent-graft, such that the stent or stent-graft follows 
the contour of the aneurysm. Ultimately, the upstream end of the stent or stent- 
graft can be pulled out of the aneurysmal neck and into the aneurysmal sac, 
thereby allowing the blood flow to bypass the stent or stent-graft altogether. This 
results in total failure in the case of a stent-graft, since hydraulic isolation of the 
aneurysmal sac has been lost at this point 

Bridges 18 increase the axial stiffness and columnar strength of stent 10, 
as noted above. The forces applied by the blood flow through the upstream end of 
stent 1 0 are axially distributed along the stent 1 0 through the bridges 1 8. Thus, 
even when the stent 1 0 spans an aneurysm, some of the force of the blood flow 
through stent 10 will be transferred to the distal end of stent 10, on the opposite 
end of the aneurysm. Since the distal (downstream) end will also be at least in 
frictional contact with the vessel into which the stent is implanted, opposing 
forces to the blood flow can be generated at both the upstream and downstream 
ends of stent 10. This decreases the overall tendency to push the upstream end 
down along the vessel pathway and further reduces the tendency of the graft to 
move into the site of the aneurysm and follow the path of the expanded vessel. 
Even if some buckling does occur, the bridges 18, having a tendency to keep the 
axial spacing of the helical turns at a constant, act as springs in this situation, 



WO 98/30173 



8 



PCT/US98/00027 



storing energy which then acts to restore the stent to an unbuckled state. Stents 
without bridges have a much reduced ability in this regard. 

The number of bridges 1 8 in a stent should be kept to an acceptable 
minimum to enable the profile of the stent to be minimized during delivery. 
Preferably, bridge configurations forming a ratio of about two to four bridges per 
helical turn (i.e., 360°) are believed to be acceptable, with the preferred 
configuration being a ratio of about three bridges per helical turn as shown in Fig. 
3, for example. The bridge configuration of three bridges per helical turn provides 
an offcet arrangement of the bridges between adjacent windings or turns. Such an 
arrangement maintains the axial bending flexibility of the stent in virtually all 
directions, which is important for placement through torturous pathways. 

The bridges 18 are preferably interconnected between adjacent bends 15p 
and 15v of the undulating helical turns in order to prevent shortening of the stent 
during the expansion thereof, see Figs. 3 and 4. It is noted however, that such a 
configuration is not absolutely necessary for length maintenance of the stent 
during expansion, and that the length can be substantially maintained as long as 
the bridges 18 are interconnected between the same corresponding locations on 
adjacent windings throughout the stent For example, the bridges could be 
interconnected between adjacent windings midway between bends on each 
adjacent winding, with consistent corresponding placement of the remaining 
bridges. It is further noted that although winding is preferred to provide adjacent 
bends 15p and 15v (i.e., "in-phase" winding), other winding configurations are 
also possible. For example, helical windings may be arranged so that bridges 
longitudinally align with and connect adjacent bends 15p and 15p fout-of-phase" 
winding). Other winding arrangements are also possible. 

Preferably, the entire structure of the stent is formed from a thin-walled 
tube. This construction minimizes the wall thickness and lumenal encroachment 
of the stent, within the lumen of the vessel into which the stent is placed. At the 
same time, radial and longitudinal strength are maintained, without sacrificing 
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flexibility or delivery profile. This minimizes the risks of blood cell damage and 
thrombosis associated with disruption of the blood flow profile. * 

The stent may be made by many different methods, including known 
chemical etching techniques and preferably, by laser cutting (e.g., Nd: Yag) from 
the tubing. Another preferred method of making stents according to the present 
invention is by Electric Discharge Machining (i.e., EDM), a technique known in 
the ait A preferred method of etching includes coating a thin-walled tubular 
member, such as nickel-titanium tubing, with a material which is resistive to 
chemical etchants, and then removing portions of the coating to expose the 
underlying tubing which is to be removed, but leaving coated portions of the 
tubing in the desired pattern for the stent so that subsequent etching will remove 
the exposed portions of the metallic tubing, but will leave the portions of the 
tubing which are to form the stent relatively untouched. The etchant-resistive. 
material may then be removed from the stent by means of a machine-controlled 
laser according to known methods. 

Preferably the stent undergoes a finishing process of electrochemical 
polishing by any of a number of techniques known in the art. Although such 
polishing reduces the overall dimensions of the members of the stent, and thereby 
weakens the stent with regard to its pre-polishing characteristics, this effect is 
overcome by simply "designing in" the additional dimensions of the material to be 
removed by electrochemical polishing, so as to end up with a stent having the 
desired dimensions and strength characteristics. Advantages obtained from the 
electrochemical polishing are that a smoother surface results, thereby reducing 
thrombosis, reducing the resistance to blood flow, making the stent more 
biocompatible. Electrochemical polishing also enhances the fatigue resistance of 
the stent and reduces the risk of balloon rupture in cases of stents which are not 
self-expandable but require expansion using a balloon catheter. Additionally, a 
smoother surface enables a lower friction with a funnel which is used to compress 
the stent, as discussed below, thereby rendering compression of the stent easier. 
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The tubing may be made of suitable biocompatible material such as 
stainless steel, titanium, tantalum, Elgiloy( a Co-Cr alloy), superelastic NiTi 
alloys (e.g., "nitinol"), and high strength thermoplastic polymers. The preferred 
materials are NiTi alloys and particularly "binary nitinol" (i.e., 50% Ni and 50% 
Ti by weight). 

The desired pattern can be cut from a tubing having already been expanded 
and heat set according to known methods, or it can also be cut from a smaller 
diameter tubing, and then expanded and heat set at a larger diameter. When the 
stent is made of nitinol, the afore-described heat setting steps are included. 
However, as noted above, the stent may also be prepared from materials such as 
stainless steel (e.g. 3 16L stainless) and other materials which do not form a self- 
expandable stent but must be expanded by other methods such as expansion by a 
balloon catheter. In these examples, the heat set step is unnecessary and is not 
performed. 

As shown in Fig. 2, the cross-sectional configuration of the bridges 1 8, as 
well as the undulating member 1 5 which has the same cross-section in this 
embodiment, is rectangular. This configuration provides greater radial rigidity for 
a given wall thickness, compared to the circular cross-section which is provided 
by a wire stent. Consequently, for a given radial strength, the stem formed from a 
thin radial tubing according to the present invention can be formed significantly 
thinner than a stent formed from wire, thereby affording a lower intralumenal 
profile and less impedance of blood flow, in addition to the other advantages 
discussed above. It is noted that the thicknesses of the undulating member and 
bridges are substantially equal to each other in all embodiments of the instant 
invention, although the comparative widths of the same may vary. 

The greater radial rigidity, discussed above, also allows the stent to be 
formed as a single helical structure, which greatly reduces the intralumenal 
profile. The stent has no anchoring projections in its expanded configuration, 
which further contributes to the low profile of the stent. The bridges make the 
stem longitudinally stiffer than a helical structure which lacks bridges, and also 
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ensure that there is significantly less length change of the stent upon expansion of 
the same. 

Additionally, the strength, flexibility and expandability of the present 
invention eliminate the need for secondary attachment methods, such as sutures, 
which also add thickness and thereby increase the lumenal encroachment and 
roughen the lumenal surface to increase the disruption of the blood flow profile, or. 
may adversely affect the delivery profile of a stent 

Further, it is believed that the helical stent according to the present 
invention can be compressed to a smaller delivery profile than can a stent formed 
of individual rings, or other ring type structure, as discussed below with regard to 
Figs. 1 0 and 1 1 , and certainly smaller than a wire or double helix type 
configuration. 

Additionally, the helix configuration according to the present invention 
has been found to be more flexible, particularly in the axial or longitudinal 
direction, than ring type stents. Still further the rings in a ring type stent are 
independently expandable, which may lead to discontinuities in the expansion 
profile. In contrast, the helical stent according to the present invention is 
continuously expandable and therefor does not run the risk of forming 
discontinuities or "steps" upon expansion of the device, thereby resulting in a 
smoother lumen. This results in better hemodynamics through the stent when 
implanted, thereby reducing the risk of thrombosis. 

Fig. 4 shows a plan view of a flattened section of a second embodiment of 
a stent according to the present invention. In this embodiment the bends 25p and 
25v are notably sharper than those of the first embodiment, such that they 
approach angular peaks and valleys, as compared with the relatively curved bends 
1 5p , 15v of the first embodiment (see Fig* 3). The embodiment of Fig. 4 affords a 
stiffer stent in the expanded state than that of Fig. 3. However, at the same time, 
the embodiment of Fig. 3 opens more evenly, leaving fewer irregularities and gaps 
in the expanded stent than does the embodiment of Fig. 4. 
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To provide additional control in the design of the flexibility of the stent, 
the construction of the bridges may be modified from the straight strut-type design 
18, as shown by three examples 38a, 38b and 38c in Figs. 5a, 5b and 5c, 
respectively. It is noted that although the members 38a, 38b and 38c are shown in 
combination with the undulation members of the first and second embodiments of 
the present invention, the modified bridges may be applied generally to any of the 
embodiments disclosed herein, and to the invention in general. 

In Fig. 5a, the bridge has been modified to form an undulating, spring type 
member 38a which affords more compressibmty in the direction aligned with the 
longitudinal axis of the cylindrical stent . The bridge 38a also increases the 
bendability (i.e., reduces the bending strength) in radial directions. It is further 
noted that a stent could be specifically tailored for asymmetrical bending and 
strength characteristics by individually designing only predetermined bridges 18 
as spring type bridges 38a. Thus, as few as zero or one of the bridges 1 8 could be 
formed as a spring bridge 38a, or as many as all of the bridges in a stent could be 
so formed. Generally , it is preferred that all of bridges 1 8, or a symmetrical 
configuration of a portion of bridges 18 are formed as spring bridges 38a, so as to 
give symmetrical bending and strength characteristics. However, this is not 
always the case and the invention is not to be so limited. 

Fig. 5b, shows a bridge which has been modified to form leaf-spring like 
member 38b, which also affords more compressibility in the direction aligned 
with the longitudinal axis of the cylindrical stent. Likewise, bridge 38b also 
increases the bendability (i.e., reduces the bending strength) in radial directions. 
Similar to spring bridge 38a, a stent could also be specifically tailored for 
asymmetrical bending and strength characteristics by individually designing only 
predetermined bridges 18 as spring type bridges 38b. Thus, as few as zero or one 
of the bridges 18. could be formed as a spring bridge 38b, or as many as all of the 
bridges in a stent could be so formed. Generally, it is preferred that all of bridges 
1 8, or a symmetrical configuration of a portion of bridges 1 8 are formed as spring 
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bridges 38b, so as to give symmetrical bending and strength characteristics. 
However, this is not always the case and the invention is not to be so limited. 

By making the stent more compressible with the aforementioned spring 
type designs, the folding or compression profiles of the resultant stents may be 
negatively effected. Fig. 5c shows a third alternative way to increase 
compressibility and flexibility without negatively effecting the folding or 
compression profile of the resultant stent In this embodiment, one or more of the 
bridges is made more compressible and bendable by reducing the width 38w of 
bridge 38c. Thus, width 38w of bridge 38c is less than the width of undulating 
member 15,25, etc. Not only does this configuration not negatively effect the 
compression or folding profile of the resultant stent, it may actually positively 
effect such profiles, and also reduces the overall weight of the resultant stent. As 
with the embodiments of Figs. 5a and 5b, as few as zero or one of bridges 18 
could be formed as a narrow bridge 38c, or as many as all of the bridges in a stent 
could be so formed. Generally, it is preferred that all of bridges 18, or a 
symmetrical configuration of a portion of bridges 18 are formed as narrow bridges 
38c, so as to give symmetrical bending and strength characteristics. However, this 
is not always the case and the invention is not to be so limited. 

It is further noted that the embodiment of Fig. 5d could also be employed 
to increase the strength of the resultant stent when in the expanded position. This 
would be accomplished by increasing the width of one or more bridges 18 to form 
wide bridges 38d. Although this is generally not the preferred embodiment of the 
present invention, it is an option which is available to the stent designer. Of 
course, the entire structure of the stent, including the undulating member and the 
bridges may be widened as another option for increasing the strength of the stent. 
The width ratio of the bridges to undulating members ranges generally from about 
0.5:1 up to about 1.5:1, with preferred ratios being about 1:1 or less. 

Fig. 6 shows a third embodiment of the inventive stent, which includes a 
pattern that is preferably cut into a smaller diameter tubing, and then expanded to 
a larger functional diameter and heat set at the larger diameter to give it self- 
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expanding properties. For example, the pattern of the embodiment shown in Fig. 
6 could be cut into a nitinol tube having about a 2.0 mm diameter, expanded to 
about a 4.0 mm diameter and then heat set. 

In this embodiment, prior to expansion, it is noted that bends 35p,35v are 
substantially rounded so as to effectively form semicircles. The members 35m 
interconnecting the bends 35p, 35v are substantially aligned with the longitudinal 
axis of the cylindrical tubing from which the stent is cut Upon expansion, 
however, the members 35m become substantially transverse to the longitudinal 
axis of the cylindrical shape of the stent, as will be discussed and shown below 
with regard to the following embodiment. 

Another variation from the previous embodiments, is that although bridges 
18 are preferably interconnected between adjacent bends 15p,15v of the 
undulating helical turns in order to prevent shortening of the stent during the 
expansion thereof, the particular bends to which bridges 1 8 are connected are 
slightly modified from the unconnected bends 1 5 v, such that the connected 
valleys 15v' form two substantial semicircles with the bridge 18, one on each side 
of bridge 1 8. This variation allows a more even expansion of members 35m out 
from valley 35v' with respect to bridge 18 upon expansion of the cylinder. 

It is to be noted that in this and all other embodiments, the bend elements 
15p and 15v are subject to a particular orientation of the stent as shown in the 
Figs. Accordingly, the elements 15p and 15v can be interchanged with regard to ' 
any of the embodiments described herein, as long as they are interchanged 
consistently throughout the entire description of the embodiment. Such an 
interchange would be tantamount to inverting the particular figure(s) referred to 
by the detailed description of that embodiment 

The helical nature of the stent designs according to the present invention 
dictates some anomalies in the resultant cylindrical structure of the final product, 
which may be addressed by the following further embodiments. 

Fig. 7 shows a modification of the embodiment of Fig. 6 in which the end 
portions of the cylinder that form the stent have been modified , so that both ends 
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form "square ends", i.e., circles which are substantially perpendicular to the 
longitudinal axis of the cylindrical shape of stent 30'. In order to effectuate such 
"square ends", the lengths of the members connecting the bends 35p,35v(35v') are 
gradually increased to compensate for the pitch angle of the helix (e.g., see the 
progression of lengths: 35m, 35m', 35m",...). Additionally, any bridges which 
interconnect bends 35p,35v, which are also connected by lengthened members 
(35m', 35m" etc.) also must follow a progressive lengthening scheme (e.g., see 
18,18',...). 

Fig. 8 shows stent 30* in the expanded state at which it is to be heat set 
As noted with regard to the similar embodiment in Fig. 6, prior to expansion, the 
bends 35p,35v are substantially rounded so as to effectively fonn semicircles (see 
Fig. 7), and the members 35m, 35m', 35m",... interconnecting the bends 35p and 
35v,35v' are substantially aligned with the longitudinal axis of the cylindrical 
tubing from which stent 30' is cut. Upon expansion, however, members 35m, 
35m'...become substantially transverse to the longitudinal axis of the cylindrical 
shape of stent 30', while bridges 1 8, 18'... maintain a substantially parallel 
positioning to the longitudinal axis. Thus, the bridges maintain their maximum 
potential for longitudinally strengthening stent 30'. 

Another anomaly dictated by the helical nature of the stent structures 
described above, is that some members 35m" throughout the stent necessarily 
have somewhat longer lengths compared to the standard length member 35m. 
This.is due to the nature of the helical windings which progressively move away 
from the previous adjacent helical winding, and thus require some longer 
members to compensate for the pitch angle of the helix and maintain a standard 
bridge length. Because not all of the member lengths are equal, upon expansion 
of the stent, some uneven orunequal gaps between bridges 18 and members, e.g., 
35m, 35m" also occur. In order to compensate for these abnormalities in spacing, 
stent 40 shown in Fig. 9, includes asymmetrical members 44m and 45m which 
connect to one end of each bridge on opposite sides thereof. Because member 
44m has a greater degree of curvature than member 45m. it allows for a greater 
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degree of expansion on the side of member 44m, which compensates for the 
unevenness in expansion caused by the helical windings. 

As mentioned above, it is believed that the helical stent according to the 
present invention can be compressed to a smaller delivery profile than can a stent 
formed of individual rings, or other ring type structure. Fig. 10 shows a flattened 
section 70 of a helical stent like the embodiment shown in Fig. 9, wherein the 
stent has been cut longitudinally parallel to the longitudinal axis and flattened out 
into a substantially planar structure. Fig. 1 1 shows a flattened section 80 of a stent 
formed with the same undulating pattern as the stent shown in Fig. 10, but in a 
ring configuration as opposed to a helical configuration, for comparison purposes. 

Imaginary lines 75 and 85 are drawn perpendicular to the longitudinal axes 
of the stent portions 70 and 80, respectively. The total number of structures 
(including bridges and members) which are intersected by the line 75 is 1 1 as 
compared to 13 structures which are intersected by line 85. The difference is 
explained by the helical structure of Fig. 10, which more continuously distributes 
the mass of the structure along the entire length of the stent On the other hand, 
the mass of the ring type stent shown in Fig. 1 1 is more concentrated in the rings, 
with a lower concentration in the areas connecting between the rings. The 
niinimum profile to which a stent can be reduced is limited by that portion of the 
stent which has the largest diameter after reduction of the stent for delivery. Thus, 
the profile of the ring type stent is expected to be larger than the helical stent since 
the largest sections of the ring type stent include 13 structures within the radius 
thereof, as compared to 1 1 within the radii of the sections throughout the helical 
stent 

Figs. 12a-l2c show various equipment used in the preferred method for 
preparing a stent according to the present invention for deployment as well as for 
deploying the stent. Preferably, a self-expanding stent is radially crushed or 
compressed to have a reduced diameter for introduction into a vessel into which it 
is to be implanted. Alternatively, the stent may be folded and held in the folded 
state during the introduction phase, or a stent may be formed in a smaller 
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diameter, introduced into the vessel and then expanded by a balloon catheter or 
the like. 

Preferably, a self-expandable stent is compressed by drawing the same 
through a funnel, to be discussed in detail below. The stent is held in the 
compressed state within a sleeve. Within the sleeve is placed a catheter 90, as 
shown in Fig. 12a. Catheter 90 functions to guide the stent and the entire ' 
apparatus through the vessel and to the implant site. Catheter 90 includes an 
enlarged diameter portion 1 24 which has an outside diameter larger than the inside 
diameter of the stent in its compressed state. Thus, enlarged diameter portion 124 
functions to prevent the compressed stent 95 from sliding in a direction towaid the 
proximal end of the catheter 90. The distal end of catheter 90 is adapted to receive 
"olive" 91. The outside diameter of olive 91 is larger than the inside diameter of 
the stent in its compressed state. Thus, affixation of olive 91 to the distal end of 
catheter 90, functions to prevent any tendency of the compressed stent to slide off 
the distal end of catheter 90 prior to implantation of the stent. Catheter 90 is 
preferably made of polyimide, but other known equivalent materials suitable for 
such purpose, may be substituted. 

In order to apply sufficient pulling force to draw stent 95 through a funnel 
for compression thereof, filaments 96 are preferably woven through the members 
of stent 95 and formed into loops 97 and 98 extending from opposite end of stent 
95, as shown in Fig. 12b. Filaments 96 are preferably commercially available 
sutures and preferably are CV-7 GORETEX sutures (manufactured by W. L. 
Gore). Of course, other gauges of suturing materials may be substituted, and other 
materials may be used as well, e.g., stainless steel wire, various polymeric 
filaments, etc. Filaments which are preferably thicker than filaments 96 are next 
looped through loops 97 and 98 to form a short pulling line 1 00 and a long pulling 
line 99, respectively. Pulling lines 99 and 1 00 are preferably formed from 5.5 
gauge suturing materials, but other substitutes may be used, similar to the 
substitutes for filaments 96. 
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Sleeve 110 (Fig. 12c), like catheter 90, is preferably made of polyimide, 
but other known equivalent materials for such purpose may be substituted. The 
inside diameter of sleeve 1 10 is designed to be substantially equal to, or slightly 
larger than the intended outside diameter of stent 95 when in the compressed state. 
The proximal end of sleeve 1 1 1 flares out to an enlarged control handle 1 12 which 
can be grasped for retraction of the sleeve during deployment of stent 95. 

Afier interweaving filaments 96 with stent 95 and connecting pulling lines 
99 and 100, the preparation for deployment of stent 95 continues by axially 
aligning funnel 130 with sleeve 1 10, as shown in Fig. 13a. Funnel 130 is 
preferably formed of stainless steel, however, other relatively rigid materials 
which exhibit a low friction characteristic with regard to the stent materials may 
be used. For example, high density thermoplastics or thermosetting polymers 
could be used, with or without a low friction inner coating material applied 
thereto. Other metals such as titanium, tantalum, silver and gold may also be 
used. Any other materials known to be sufFiciendy nonimmunogenic, and which 
would exhibit sufficient strength to compress the stents according to the present 
invention, while also exhibiting a low friction characteristic with regard to the 
present stent materials, may be used. 

Funnel 130 has a distal inside diameter 1 3 1 that is slightly larger than the 
outside diameter of stent 95 when in the uncompressed state. The inside diameter 
of funnel 130 gradually tapers from distal inside diameter 131 to a proximal inside 
diameter 132 which is slightly less than the inside diameter of sleeve 1 10, so that 
when stent 95 is pulled through funnel 130, the resultant compressed stent 95 
slides easily into sleeve 1 10 which then maintains stent 95 in the compressed 
25 state. 

Upon axial alignment of funnel 130 with sleeve 1 10, long pulling line 99 
is then threaded through funnel 130 and sleeve 110 to protrude from the proximal 
end of sleeve 1 10 as shown in Fig. 13a. Stent 95 is then axially aligned with 
funnel 1 30 and maintained in this position by applying a slight pulling force via 
30 pulling line 99. Short pulling line 100 may be used to assist in manipulation of 
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stent 95 to ensure proper axial alignment thereof. By gradually and steadily 
increasing the pulling force on pulling line 99, stent 95 begins to be compressed as 
it is pulled along the continuously decreasing inner diametrical surface of funnel 
130. 

As the stent is pulled through the proximal end (i.e., proximal inside 
diameter) of funnel 130 it has attained an outside diameter which is slightly 
smaller than that of its final compressed state, and thus slides relatively easily into 
sleeve 1 10. Once the stent has been pulled completely into sleeve 1 10, as shown 
in phantom in Fig. 13b, the pulling force is discontinued. Stent 95, upon entering 
sleeve 110, expands slightly to abut the inner circumference of sleeve 1 10 and 
assume the final compressed diameter. Withdrawal of filaments 96 from stent 95 
can be accomplished in at least two different manners. Short pulling line 100 may 
be cut and withdrawn from engagement with loops 97. Afterwards, pulling line 
99 is withdrawn from sleeve 110, drawing filaments 96 out along with it 
Alternatively, pulling line 99 may be cut and withdrawn from engagement with 
loops 98. Afterward, pulling line 100 is withdrawn from funnel 130, drawing 
filaments 96 out along with it 

After removal of the pulling lines 99,100 and filaments 96, funnel 130 is 
removed, leaving stent 95 compressed within sleeve 1 1 0. Next the proximal end 
of catheter 90 is inserted through the tubular opening of compressed stent 95 and 
sleeve 1 10 as shown in Fig. 13c. Catheter 90 is slid entirely through sleeve 1 10 
until enlarged diameter portion 124 abuts against compressed stent 95 and the 
distal end of catheter 90 becomes substantially aligned with the distal end of 
sleeve 110. 

Olive 91 is next fixably attached to the distal end of catheter 90, as shown 
in Fig. 13d, to abut against the distal end of sleeve 1 10 so as to prevent movement 
of compressed stent 95 in the'distal direction. Olive 91 is preferably adhesively 
bonded to catheter 90 using any of a variety of well-known, biocompatible 
adhesives which would be readily known and available to those of oidinary skill 
in the art. Alternatively, olive 91 could be screw threaded, heat bonded, spin 
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welded, or fixed to catheter 90 by a variety of other known techniques which 
would be equivalent for purposes of this invention. At this stage, the apparatus is 
fully assembled for insertion into a vascular site or bodily organ, for deployment 
of stent 95. 

5 After the apparatus has been inserted to the desired implantation site, the 

operator grasps both control handle 1 12 and catheter 90 to begin the deployment 
of stent 95. The operator maintains the position of catheter 90 while steadily and 
slowly withdrawing control handle 1 12 away from the site of implantation. As a 
result, enlarged diameter portion 124 maintains the stent 95 in the desired location 

10 by its abutment with the proximal end of stent 95, as sleeve 1 10 is slid with 

respect to stent 95 and gradually withdrawn from engagement therewith. Thus, 
stent 95 remains in the desired implantation site and is prevented from being 
dragged along with the sleeve 1 10 by enlarged diameter portion 124, upon 
withdrawal of sleeve 1 10 from the implantation site. 

15 Fig- 13e shows that stent 95 self expands as sleeve 1 10 is withdrawn from 

contact therewith. Upon complete removal of contact between sleeve 1 10 and 
stent 95, the stent resumes its previous uncompressed configuration as shown in 
Fig. I3f, thereby abutting the walls of the vessel into which it.has been implanted. 
The operator then begins to withdraw catheter 90, until catheter 90 and olive 91 

20 are completely withdrawn from the organism into which the implantation is 

performed, to allow follow-up closure procedures to be carried out. 

Figs. 14a- 14c show an alternative arrangement used in preparation for 
deployment, and deployment o£ a stent according to the present invention. In this 
embodiment sleeve 140 is not designed to extend from the implantation site all the 

25 way out of the organism for direct manipulation by the operator, as in the case of 

the embodiment discussed above. Rather, sleeve 140 is only slightly longer than 
stent 95 to ensure that stent 95 can be completely and reliably maintained 
therewithin in the compressed state. Sleeve 1 40 is preferably formed of 
poly imide, but substitute materials are applicable, just as discussed with regard to 

30 sleeve HO: 
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Catheter 150 is provided with both a distal olive 151 and a proximal olive 
1 52 for maintaining the compressed stent in position prior to deployment Stent 
95 is compressed within sleeve 140, in much the same manner as described above 
with regard to sleeve 1 1 0. Catheter 150 is then inserted in much the same manner 
as described above with regard to catheter 90, and olive 1 5 1 is then connected in 
much the same manner as described above with regard to olive 91 . 

Catheter 150 further includes proximal transition 1 53 for transitioning the 
catheter from the distal portion of the catheter 1 54, which carries the sleeve 140 
and the graft 95, and the proximal portion of the catheter 1 55, which is the rest of 
the catheter that is proximal to the proximal transition 153. A tether line or draw 
cord 156 is fixed to the proximal end 140a of sleeve 140. The tether line or draw 
cord (hereafter, tether line) 156 may be formed from stainless steel wire, high 
strength and biocompatible polymer fibers, or the like equivalents known in the 
art. Tether line 156 also is slidably fixed to proximal transition 153 at 153a, 
where tether line 156 passes internally of the proximal portion 155 of the small 
diameter catheter. Tether line 156 extends out the proximal end of the small 
diameter catheter 150 (not shown) for manipulation by the operator. 

As shown in Fig. 14b, deployment of stent 95 begins when the operator 
has successfully located the distal end of the small diameter catheter 1 50, and thus 
stent 95, in the desired location. The operator then begins to steadily and 
gradually pull tether line 156, so as to retract sleeve 140 from its position around 
stent 95. Consequently, graft 95 begins to self-expand in a continuous manner as 
portions of the stent_95 are continuously freed. Olive 1 52 prevents the 
compressed proximal end of stent 95 from sliding with respect to the small 
diameter catheter 1 50, and thus prevents retraction of stent 95 along with sleeve 
140. 

Upon complete retraction of sleeve 140 and expansion of graft 95, the 
deployment apparatus, including small diameter catheter 150, sleeve 140 and 
tether line 1 56 can be withdrawn from the organism as a unit, for follow-up 
closing procedures. 
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Although the embodiments of the present invention have been described 
herein with reference to the accompanying drawings and the particular structures 
depicted therein, obviously many modifications and changes may be made by 
those of ordinary skill in the art without departing from the scope of the invention 
as defined by the claims which follow. 
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CLAIMS 

What is claimed is: 

1. A stent comprising: 

a structure having helical windings forming a generally tubular shape 
having a longitudinal axis; and 

bridges interconnecting said helical windings. 

2. The stent of claim 1, wherein said bridges each interconnect a pair of 
said windings. 

3. The stent of claim 1 , wherein said structure is a single helical structure 
having said helical windings. 

4. The stent of claim 1, wherein said bridges are aligned in a direction 
substantially parallel to said longitudinal axis of said generally tubular shape. 

5. The stent of claim 1, wherein said stent lacks any anchoring projections 
when said stem is in an expanded configuration. 

6. The stent of claim 1, wherein said bridges are helically arranged in said 
structure. 

7. The stent of claim 1, wherein said helical structure is formed from a 
thin-walled tubing. 

8. The stent of claim 7, wherein said single helical structure is laser cut 
from said thin-walled tubing. 

9. The stent of claim 7, wherein said single helical structure is chemically 
etched from said thin-walled tubing. 

10. The stent of claim 7, wherein said single helical structure is cut from 
said thin-walled tubing by EDM programming. 

1 1 . The stent of claim 1 , wherein said bridges are circumferentially and 
substantially equiangularly located about said helix, with respect to adjacent ones 
of said bridges. 

12. The stent of claim 10, wherein said bridges are positioned to form a 
ratio of about 2 to 4 bridges per 360° of said helical winding. 
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13. The stent of claim 12, wherein said bridges are positioned to form a 
ratio of about 3 bridges per 360° of said helical winding. 

14. The stent of claim 1, wherein said bridges comprise substantially 
straight struts. 

1 5. The stent of claim 1 , wherein at least one of said bridges comprises a 
spring having a predetermined spring constant 

1 6. The stent of claim 1 5, wherein said spring comprises an undulating 

spring. 

1 7. The stent of claim 1 5, wherein said spring comprises a leaf-spring. 

18. The stent of claim 15, wherein said at least one of said bridges 
comprising a spring is aligned in a direction substantially parallel to said 
longitudinal axis of said generally tubular shape. 

19. The stent of claim 1, wherein said helical structure and said bridges 
have substantially equal thicknesses. 

20. The stent of claim 1, wherein said helical structure and said bridges 
have substantially equal widths. 

21 . The stent of claim 1 , wherein at least one of said bridges comprises a 
width which is substantially less than a width of said helical structure. 

22. The stent of claim 1, wherein said windings of said helical structure 
undulate in said direction substantially parallel to said longitudinal axis of said 
generally tubular shape. 

23. The stent of claim 1, wherein said stent comprises a self-expandable 
stent capable of being compressed for delivery, and being self-expandable when 
removed from a compressive force. 

24. The stent of claim 1, wherein said stent is expandable by application 
of force via a balloon catheter. 
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25. A low profile stent comprising: 

a single helical structure having windings 
forming a generally tubular shape having a longitudinal 
axis, wherein said single helical structure is formed from 
a thin-walled tubing; 

bridges interconnecting said windings of said 
helical structure; and 

undulations in said windings, said undulations 
enhancing the expendability of the stent. 

26. The stent of claim 25, wherein said bridges are 
aligned in a direction substantially parallel to said 
longitudinal axis of said generally tubular shape. 

27. The stent of claim 26, wherein said bridges are 
circumferentially and substantially eguiangularly located 
about said helix, with respect to adjacent ones of said 
bridges . 

28. The stent of claim 25, wherein said bridges are 
helically arranged in said structure. 

29. The stent of claim 28, wherein said bridges are 
positioned to form a ratio of about 3 bridges per 360* of 
said windings. 

30. The stent of claim 25, further comprising 
asymmetrical undulations in at least one of said helical 
windings, to compensate for uneven expansion which occurs 
due to the helical nature of the stent. 

31. The stent of claim 25, wherein said stent 
comprises a self-expandable stent capable of being 
compressed for delivery, and being self -expandable when 
removed from a compressive force. 
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32. The stent of claim 25, wherein said stent is 
expandable by application of force via a balloon catheter. 
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